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(54) Stent graft tapered spring 



(57) A stent graft (1 00) includes a stent graft mate- 
rial (1 03) of cylindrical shape and tapered stent springs 
(102) coupled to the stent graft material (103). Each 
stent spring (202) includes a first stent cell (204A) and 
a second stent cell (204B) contiguous with the first stent 
cell (204A). The first stent cell (204A) and the second 
stent cell (204B) are coupled. The second stent cell 



(204B) of each tapered stent spring (202) is smallerthan 
the first stent cell (2C4A) thereby defining a tapered 
shape to the tapered stent springs (202). The stent graft 
(1 00, 200) is placed in a curved segment (21 1 ) of a tor- 
tuous body lumen (206) and rotationally positioned such 
that the smallest stent cell of each tapered stent spring 
(202) is placed at an inside radius of the curved seg- 
ment. 
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Description 

BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0001] The present invention relates to endoluminal 
structures. More particularly, the present invention re- 
lates to endoluminal stent grafts for use in curved body 
lumens. 

Description Of The Related Art 

[0002] A conv9ntional stent graft typically includes a 
radially expandable stent, Formed From a plurality o\ uni- 
form annular stent springs, and a cylindrical shape graft 
material to which the stent springs are coupled. Stent 
grafts are well known for use in reinforcing or holding 
open the interior wall of a generally tubular shape hu- 
man vascular and other body lumen. 
[0003] At deployment, after percutaneous Insertion 
and transluminal transport to the point of use within a 
damaged or diseased body lumen, e.g., an aneurysmal 
artery, the stent graft is radially expanded. A stent graft 
is self-expandable or expandable by application of pres- 
sure applied outwardly to the interior portion of the stent 
graft. After deployment, the stent graft should be some- 
what rigid to provide sufficient support to the body lu- 
men. 

[0004] FIG. 1 A is a plan view of stent graft 1 , accord- 
ing to the prior art, deployed within a substantially linear 
segment 10 of a body lumen 6. Stent graft 1 includes a 
plurality of closely spaced uniform stent springs 2, each 
formed from a plurality of identical, coupled stent cells 
4 into an annularshaped ring around acylindrical shape 
stent graft material 3. Within linear segment 1 0 of body 
lumen 6, stent graft 1 experienced little or no axial bend- 
ing force since linear segment 1 0 of body lumen 6 gen- 
erally comported with the cylindrical shape of stent graft 
1. 

[0005] However, human luminal systems are tortuous 
by nature. FIG. 1 B is a plan view of stent graft 1 , accord- 
ing to the prior art, deployed within a curved segment 
11 of body lumen 6. As shown, curved segment 11 in- 
cludes an interior radius 12. 

[0006] Within curved segment 1 1 , stent graft 1 is sub- 
ject to a bending force imposed by curved segment 11 
of body lumen 6. Thus, after deployment in a tortuous 
body lumen, conventional stent grafts were often sub- 
jected to significant axial bending and flexing. 
[0007] It was necessary to limit the amount of axial 
bending allowed in a deployed stent graft to avoid stent 
cell overlap at inside radius 12 of curved segment 11 of 
body lumen 6. Stent cell overlap caused binding or kink- 
ing of the stent graft 1 resulting in restriction of flow 
through the body lumen. Accordingly, the use of conven- 
tional stent grafts was limited to certain applications that 
avoided damage to or destruction of the stent graft from 



excessive axial bending. 

[0008] It is therefore an object of the present invention 
to overcome the above-mentioned disadvantages asso- 
ciated with the prior art at least in part. 

5 

SUMMARY OF THE INVENTION 

[0009] This object is solved by a stent graft according 
to claims 1 and 1 6 and by a method according to claim 

10 17. Further aspects, advantages and details of the 
present invention are apparent from the dependent 
claims, the description and the accompanying drawings. 
[0010] According to an aspect of the present inven- 
tion, a stent graft includes a stent graft material of cylin- 

15 drical shape and lapered stent springs coupled Lo the 
stent graft material. Each tapered stent spring includes 
a first stent cell and second stent cell contiguous with 
the first stent cell, wherein the second stent cell is cou- 
pled to the first stent cell, and further wherein the second 

20 stent cell is smaller than the first stent cell. In one em- 
bodiment, each stent cell Is open and defines a serpen- 
tine shape. In another embodiment, each stent cell is 
closed and each stent cell defines a diamond shape. 
[0011] When properly positioned rotationally within a 

25 tortuous body lumen such that the smallest stent cells 
are placed along the inside radius of a curved segment 
of the tortuous body lumen, the tapered stent springs 
provide axial flexibility to the stent graft in at least one 
direction. Thus, the stent graft easily conforms to the 

30 curved segment of the tortuous body lumen while main- 
taining support for the lumen at the curved segment. 
[001 2] Accordingly, use of the stent graft accordi ng to 
an embodiment of the present invention avoids restric- 
tion of flow through the body lumen resulting from bind- 

35 ing or kinking of the stent graft at curved segments of 
the body lumen. 

[0013] According to another aspect of the present in- 
vention, a method for manufacturing a stent graft com- 
prises the steps of forming a first tapered stent spring 

40 comprising a first stent cell and a second stent cell con- 
tiguous with said first stent cell, wherein said second 
stent cell of said first tapered stent spring is coupled to 
said first stent cell of said first tapered stent spring, and 
further wherein said second stent cell is smaller than 

45 said first stent cell, forming a second tapered stent 
spring comprising a first stent cell and a second stent 
cell contiguous with said first stent cell, wherein said 
second stent cell of said second tapered stent spring is 
coupled to said first stent cell of said second tapered 

50 stent spring, and further wherein said second stent cell 
is smaller than said first stent cell, and sewing said first 
tapered stent spring and said second tapered stent 
spring to a stent graft material, wherein said first tapered 
stent spring is spaced apart from said second tapered 

55 stent spring by a spacing distance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

FIG. 1 A is a plan view of a stent graft, according to 
the prior art, deployed within a substantially linear 
segment of a body lumen; 

FIG. 1 B is a plan view of a stent graft, according to 
the prior art, deployed within a curved segment of 
a body lumen; 

FIG. 2A is a plan view of a bent stent graft, deployed 
within an aortic arch, in one embodiment according 
lo the present invention; 

FIG. 2B Is a plan view of a stent graft, before de- 
ployment, in one embodiment according to the 
present invention; 

FIG. 2C is a partial cutaway plan view of an artery 
system containing a deployed stent graft in one em- 
bodiment according to the present invention; 

FIG. 3 is a fiat layout view of an individual tapered 
stent spring of the stent graft of FIGS. 2B and 2C; 

FIG. 4 is a flat layout view of an individual tapered 
stent spring of the stent graft of FIG. 2A; 

FIG. 5A is an enlarged view of the region V of FIG. 
2B of stent graft 200 before deployment; and 

FIG. 5B is an enlarged view of the region V of FIG. 
2C of the stent graft deployed in a first curved seg- 
ment of the artery system. 

[0015] Common reference numerals are used 
throughout the drawings and detailed description to in- 
dicate like elements. 

DETAILED DESCRIPTION 

[0016] Stent graft 1 00 (FIG. 2A) includes a plurality of 
spaced apart tapered stent springs 1 02 coupled to a cy- 
lindrical shape stent graft material 1 03. A tortuous body 
lumen, such as an artery system 1 06, in which stent graft 
1 00 is deployed, includes a curved segment, e.g., a tho- 
racoabdominal aortic arch 107, which is diseased or 
damaged and which requires endoluminal prosthetic 
support. Thus, stent graft 1 00 is percutaneously insert- 
ed into artery system 1 06, transported transluminally to 
aortic arch 1 07, and deployed to support aortic arch 1 07. 
[0017] As shown, in one embodiment, stent graft ma- 
terial 103 may define one or more perimeter openings 
105, (fenstratlons), that allow fluid flow through perime- 
ter openings 1 05, out of stent graft 1 00, into other seg- 
ments (not shown) of artery system 106. 



[0018] Tapered stent springs 102 provide axial flexi- 
bility to stent graft 1 00 in at least one direction. Accord- 
ingly, stent graft 100 easily conforms to the curved 
shape of aortic arch 107 of artery system 106 while 

5 maintaining support for aortic arch 107. Use of stent 
graft 100 avoids overtap of stent cells 104 at an inside 
radius 1 1 2 of aortic arch 1 07 and restriction of blood flow 
through artery system 1 06 resultingf rom binding or l<ink- 
ing of stent graft 100 at aortic arch 1 07. 

10 [0019] As discussed more fully below, tapered stent 
springs 1 02 are integral and define a wave-like, serpen- 
tine shape. Tapered stent springs 1 02 include a plurality 
of open, i.e., with a broken incomplete perimeter, stent 
cells 104, includingfirststentcell 1 04Aandsecond stent 

15 cell 1 04B contiguous with first stent cell 1 04A. The ser- 
pentine shape of tapered stent springs, according to al- 
ternate embodiments, may, for example, be zigzagged 
or stepped. 

[0020] Contiguous stent cells, such as stent cells 
20 1 04A and 1 048 while similarly shaped, vary in size. In 
addition, as also discussed more fully below, tapered 
stent springs 102 include smallest stent ceils 1048, in 
which stent cell size within a particular stent spring 102 
is minimum. 

25 [0021] Although stent cells of a particular shape are 

described above, in light of this disclosure, it is under- 
stood that tapered stent springs may include stent cells 
of other shapes. For example, in FIGS. 2B, 2C, and 3, 
tapered stent springs 202 include a plurality of diamond 
30 shape stent cells 204. More particularly, FIG. 28 is a 
plan view of stent graft 200, before deployment in artery 
system 206 (FIG. 2C). As shown, stent graft 200 in- 
cludes a central axis L. 

[0022] Adjacent tapered stent springs 202, such as 

35 firsttapered stent spring 202A and second tapered stent 
spring 202B, of stent graft 200 are spaced apart and 
coupled, e.g., sewn, to cylindrical shape stent graft ma- 
terial 203 (FIG. 2C) with sutures (not shown). Tapered 
stent springs 202 form independent annular rings 

40 around cylindrical shape stent graft material 203. 

[0023] In one embodiment, cylindrical shape stent 
graft material 203 is inside tapered stent springs 202. In 
another embodiment, stent graft material 203 is outside 
tapered stent springs 202. 

45 [0024] FIG. 3 is a view an individual tapered stent 
spring 202 of stent graft 200 of FIGS. 28and2C, opened 
up and shown in a flat layout view of one cylindrical 
element . Although shown in flat layout view, as should 
be readily apparent to one skilled in the art in view of 

50 this disclosure, tapered stent spring 202 (tapered from 
one side of the stent graft to a location 1 80 degrees op- 
posing on the other side) forms an annulus in its final 
configuration. 

[0025] Referring to FIGS. 28 and 3 together, tapered 
55 stent spring 202 includes a plurality of stent cells 204, 
including a first stent cell 204A and a second stent cell 
204B contiguous with first stent cell 204A. First stent cell 
204A Is directly coupled to second stent cell 204B to 
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form apart of tapered stent spring 202. In a similar nnan- 
ner, subsequent stent cells 204 are coupled with their 
respective contiguous stent cells 204 thus forming ta- 
pered stent spring 202. 

[0026] Stent cells 204 are closed, i.e., form a structure 
with an unbroken perimeter, and are diamond shape. 
Further, stent cells 204 include upper, e.g., first, apexes 
312 and lower, e.g., second, apexes 314 (FIG. 3). Con- 
tiguous stent cells 204, such as stent cell 204A and stent 
cell 204B, are directly coupled at lower apexes 314 and 
abutting upper apexes 31 2 of contiguous stent cells 204. 
[0027] Illustratively, first stent cell 204A includes an 
upper apex 31 2A and lower apex 31 4A. Similarly, con- 
tiguous second stent cell 2048 includes an upper apex 
31 2B and a lower apex 31 4B. Lower apex 31 4A of first 
tapered stent cell 204A abuts and is directly coupled to 
upper apex 31 2B of second tapered stent cell 204B. In 
a similar manner, subsequent stent cells 204 are cou- 
pled at respective abutting apexes 312 and 314 thus 
forming tapered stent spring 202. 
[0028] As noted above, stent cells 204 are closed and 
each forms a diamond shape. With reference to the dia- 
mond shape of stent cells 204, stent cells 204 have cell 
circumferential distances 324 between upper apexes 
312 and lower apexes 314 of stent cells 204. As used 
herein, a circumferential distance is the distance be- 
tween two points on tapered stent spring 202, e.g., cell 
circumferential distance 324 between upper apex 312 
and lower apex 314, along a circumference which is de- 
fined by the annular shape of tapered stent spring 202 
and which passes through the two points. 
[0029] Contiguous stent cells 204, such as stent cell 
204A and stent cell 204B, while similarly diamond 
shaped, vary in size. For example, cell circumferential 
distance 324A, between upper apex 31 2A and lower 
apex 31 4A, of first stent cell 204A is greater than cell 
circumferential distance 324B, between upper apex 
31 2B and a lower apex 31 4B, of second stent cell 204B. 
The cell circumferential distances 324 of contiguous 
stent cells 204 of tapered stent springs 202 vary in a 
similar manner and so are not discussed further. 
[0030] Also with reference to the diamond shape of 
stent eel Is 204, stent cells 204 have left, e.g., third, apex- 
es 315 and right, e.g., fourth, apexes 31 7 and cell lateral 
distances 326 therebetween. As used herein, a lateral 
distance is the distance between two points on tapered 
stent spring 202, for example left apex 315 and right 
apex 31 7, along a lateral axis (not shown) at the circum- 
ference of tapered stent spring 202, which is coplanar 
with and parallel to central axis L of stent graft 200 . 
[0031] Illustratively, first stent cell 204 A includes left 
apex 31 5A and right apex 31 7A with a first cell lateral 
distance 326A therebetween. Second stent eel 1 204B in- 
cludes left apex 315B and right apex 31 7B with second 
cell lateral distance 326B therebetween. 
[0032] In a manner similar to the cell circumferential 
distances 324, first cell lateral distance 326A of first 
stent cell 204A is greater than second cell lateral dis- 



tance 326B of contiguous second stent cell 204B. The 
cell lateral distances 326 of all contiguous stent cells 204 
of tapered stent springs 202 vary in a similar manner 
and so are not discussed further. In addition, as dis- 

5 cussed more fully below, tapered stent springs 202 in- 
clude smallest stent cells 204S, in which cell circumfer- 
ential distances 324 and cell lateral distances 326, with- 
in respective tapered stent springs 202, are minimum. 
[0033] When viewed in flat layout view as in FIG. 3, 

10 tapered stent spring 202 defines an imaginary tapered 
envelope 31 6 enclosing tapered stent spring 202. In par- 
ticular, left apexes 315 of stent cells 204 define a left 
portion 31 6L of tapered envelope 31 6 and right apexes 
31 7 of stent cells 204 define a right portion 31 6R of ta- 

1^ pered envelope 31 6, 

[0034] Although stent cells of a diamond shape are 
described above, in light of this disclosure, it is under- 
stood that tapered stent springs may include stent cells 
of other shapes according to other embodiments. For 

20 example, as discussed above in reference to the em- 
bodiment of FIG. 2A, integral, wave-like, serpentine 
shape, tapered stent springs are formed from open stent 
cells. 

[0035] More particularly, FIG. 4 is a view an individual 
25 tapered stent spring 102 of stent graft 1 00 of FIG. 2A, 

depicted in a flat layout view for clarity of presentation. 
Although shown flat, as should be readily apparent to 
one skilled in the art in view of this disclosure, tapered 
stent spring 102 forms an annulus In its final configura- 

30 tion. Tapered stent spring 102 includes a plurality of 
stent cells 104, including first stent cell 104Aand second 
stent cell 1 04B contiguous with first stent cell 1 04A. Fur- 
ther, stent cells 104 include stent cell start, e.g., first, 
points 112, stent cell end, e.g., second, points 114, stent 

35 cell mid-, e.g., third, points 115, and stent cell peak, e. 
g., fourth, points 117. 

[0036] As used herein, stent cell start point 112 is a 
firstminima inflection point along serpentineshape stent 
cell 104. Further, stent cell end point 114 is a second 
40 minima inflection point along serpentine shape stent cell 
104, subsequent to start point 112. Still further, stent cell 
mid-point 115 is the point midway between, and co-lin- 
ear with, stent cell start point 112 and stent cell end point 
1 1 4. Finally, stent cell peak point 1 1 7 is a maxima inflec- 
ts tion point along serpentine shape stent cell 104, be- 
tween stent cell start point 112 and stent cell end point 
114. 

[0037] First stent cell 104A is integrally formed with 
second stent cell 1 04B to form a part of tapered stent 
50 spring 102. In a similar manner, subsequent stent cells 
104 are integrally formed with respective contiguous 
stent cells 1 04 thus forming annular shape tapered stent 
spring 102. 

[0038] With reference to the serpentine shape of stent 
55 cell 104, stent cell 104 has a cell circumferential dis- 
tance 124 between stent cell start point 112 and stent 
cell end point 1 1 4. Further, stent cell 1 04 has a stent cell 
lateral distance 126 between stent cell mid-point point 
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115 and stent cell peak point 117. 
[0039] Contiguous stent cells, such as stent cells 
1 04A and 1 04B while sinriilarly shaped, vary in size. For 
example, cell circumferential distance 124A of first stent 
cell 104A is greater than cell circumferential distance 
1 24B of second stent cell 1 04B. Similarly, cell lateral dis- 
tance 126A of first stent cell 104A is greater than cell 
lateral distance 1 26B of second stent cell 1 04B. Cell cir- 
cumferential distances 124 and cell lateral distances 
126 of contiguous stent cells 1 04 of tapered stent spring 
102 vary in a similar manner and so are not discussed 
further. In addition, as discussed more fully below, ta- 
pered stent springs 102 include smallest stent cells 
104S, in which cell circumferential distances 124 and 
cell lateral distances 126 are minimum. 
[0040] When viewed in flat plan view as in FIG. 4, ta- 
pered stent spring 1 02 defines an imaginary tapered en- 
velope 116 enclosing tapered stent spring 102. In par- 
ticular, stent cell midpoints 1 1 5 of stent cells 1 04 define 
a left portion 11 6L of tapered envelope 1 1 6 and stent 
cell peak points 11 7 of tapered stent springs 1 02 define 
a right portion 116R of tapered envelope 116. 
[0041] Referring now to FIGS. 5A and 5B, FIG. 5A is 
an enlarged view of the region V of FIG.2Bof stent graft 
200 before deployment and FIG. 5B is an enlarged view 
of the region V of FIG. 2C with stent graft 200 deployed 
in first curved segment211 A of artery system 206. Stent 
graft 200 includes first tapered stent spring 202A and 
adjacent second tapered stent spring 202B spaced 
apart on cylindrical stent graft material 203. 
[0042] First tapered stent spring 202A includes a 
smallest stent cell 204S1 of first tapered stent spring 
202A. Further, first tapered stent spring 202A defines a 
first imaginary tapered envelope 31 6A. Second tapered 
stent spring 202B includes a smallest stent cell 204S2 
of second tapered stent spring 202B. Further, second 
tapered stent spring 202B defines a second imaginary 
tapered envelope 31 66. 

[0043] Referring to FIGS. 2B, 5A and 58 together, as 
noted above, stent graft 200 is well suited for deploy- 
ment in artery system 206. As discussed more fully be- 
low, prior to expansion stent graft 200 is rotational ly, i. 
e., angularly about central axis L of stent graft 200, po- 
sitioned within artery system 206 such that smallest 
stent cells 204S, such as smallest stent cell 204S1 of 
first tapered stent spring 202A and smallest stent cell 
204S2 of second tapered stent spring 202B, are placed 
along a first curved segment inside radius 21 2A of first 
curved segment 211 A of artery system 206. In one em- 
bodiment, radio opaque markers (not shown), well know 
to those of ordinary skill in the art, are used to rotation- 
ally orient stent graft 200 within artery system 206. 
[0044] Use of stent graft 200 that includes rotational 
positioning of smallest stent cells 204S of tapered stent 
springs 202 along first curved segment inside radius 
21 2A of first curved segment 21 1 A of artery system 206 
allows deployed stent graft 200 to easily conform to first 
curved segment 21 1 A of artery system 206 while main- 



taining support for artery system 206. Such rotational 
positioning of smallest stent cells 2048 within artery sys- 
tem 206 avoids restriction of blood flow through artery 
system 206 resulting from binding or kinking of the stent 
5 graft at first curved segment 21 1 A. 

[0045] As shown in the FIGS. 5A and 5B, the spacing 
between adjacent stent springs 202 changes after stent 
graft 200 is deployed at first cun/ed segment 211 A of 
artery system 206. Specifically, the spacing between a 
rightportion 31 6R1 of imaginary tapered envelopeSI 6A 
of first tapered stent spring 202 A and a left portion 3 1 6L2 
of imaginary tapered envelope 31 6B of second tapered 
stent spring 202B changes at first curved segment 206 
before (FIG. 5A) and after (FIG. 5B) deployment of stent 
graft 200. 

[0046] More particularly, the spacing between corre- 
sponding smallest stent cells 204S1 and 204S2 on ad- 
jacent tapered stent springs 202A and 202B, respective- 
ly, Is different before and after deployment at first curved 
segment 211A of artery system 206. As used herein, 
stent cells 204 on adjacent tapered stent springs 202 
are said to be corresponding when stent cells 204 oc- 
cupy the same relative positions, respectively, on adja- 
cent tapered stent springs 202. 
[0047] By way of illustration, before deployment (FIG. 
5A) , at the portion of stent graft 200 i ntended for deploy- 
ment at first curved segment 211 A of artery system 206, 
smallest stent cell 204S1 of first tapered stent spring 
202A and corresponding smallest stent cell 204S2 of 
second tapered stent spring 202B are spaced apart by 
a first spacing distance 31 8-1 between right apex 31 7S1 
of smallest stent cell 204S 1 of first tapered stent spring 
202A and left apex 315S2 of corresponding smallest 
stent cell 204S2 of second tapered stent spring 202B. 
[0048] Further, after deployment (FIG. 5B), at first 
curved segment 211 A of artery system 206, smallest 
stent cell 204S1 of first tapered stent spring 202A and 
corresponding smallest stent cell 204S2 of second ta- 
pered stent spring 202B are spaced apart by a second 
spacing distance 318-2 between right apex 317S1 of 
smallest stent cell 204A of first tapered stent spring 
202A and left apex 315S2 of corresponding smallest 
stent cell 20482 of second tapered stent spring 202B. 
[0049] Corresponding smallest stent cells 204S1 and 
204S2 on adjacent stent springs 202A and 202B, re- 
spectively, are spaced apart a relatively large first spac- 
ing distance 318-1 prior to deployment at first curved 
segment 211 A. Thus stent graft 200 may axially bend, 
to conform with first curved segment 211 A, without 
overlap of corresponding smallest stent cells 20481 and 
204S2 positioned at first curved segment inside radius 
21 2A. 

[0050] After deployment at first curved segment 211 
A, corresponding smallest stent cells 204S1 and 204S2 
are pinched more closely together by the bending force 
Imposed by first curved segment 21 1 A. Thus, first spac- 
ing distance 318-1 (FIG. 5A) is greater than second 
spacing distance 318-2 (FIG. 5B), allowing stent graft 
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200to conform to the curved shape of artery system 206 
at first curved segment 211 A. 

[0051] In another embodiment according to the 
present invention, stent graft 200 may include multiple 
pluralities of tapered stent springs 202. Referring again 
to FIG. 2B and 2C, the portion of stent graft 200 de- 
ployed at first curved segment 211 A of artery system 
206 includes a first plurality of tapered stent springs 
209A (FIG. 2B) that provides axial flexibility to stent graft 
200 in one direction. Similarly, the portion of stent graft 
200 deployed at a second curved segment 21 1 B (FIG. 
2C) of artery system 206 includes a second plurality of 
tapered stent springs 209B (FIG. 2B) that provides axial 
flexibility to stent graft 200 in another direction. 
[0052] RoLalional positioning o\ smallest sLenL cells 
204S of stent springs 202 at first curved segment inside 
radius 21 2A provides axial flexibility to stent graft 200 in 
one direction. Rotational positioning of smallest stent 
cells 204S of stent springs 202 at second curved seg- 
ment inside radius 21 28 provides axial flexibility to stent 
graft 200 in a second direction. 

[0053] Since, axial flexibility may be provided to stent 
graft 200 in more than one direction, stent graft 200 may 
be made to conform to body lumens containing com- 
pound curves. Thus, stent grafts for special applica- 
tions, such as thoracic stent grafts at the arch level, ab- 
dominal stent grafts in the case of an angulated segment 
just distal to proximal neck fixation, or abdominal stent 
grafts at the iliac legs, are formed with embodiments of 
stent springs as discussed above. 
[0054] According to another aspect of the present in- 
vention, a stent graft comprises tapered stent spring 
means comprising stent cell means, cylindrical shape 
support means for supporting said tapered stent spring 
means, and means for coupling said tapered stent 
spring means to said cylindrical shape support means. 
[0055] Although stent springs forming a single stent 
graft is described above, in light of this disclosure, it is 
understood that stent springs formed according to the 
present invention may be utilized in forming a bifurcated 
stent graft that includes a first stent graft and a second 
stent graft for use in conjunction with the first stent graft. 
[0056] This disclosure provides exemplary embodi- 
ments of the present invention. The scope of the present 
invention is not limited by these exemplary embodi- 
ments. Numerous variations, whether explicitly provid- 
ed for by the specification or implied by the specification 
or not, such as variations in structure, dimension, type 
of material and manufacturing process may be imple- 
mented by one of skill in the art in view of this disclosure. 



Ciaims 

1 . A stent graft (1 00, 200) comprising: 

a cylindrical shape stent graft material (103, 
203); and 



tapered stent springs (1 02, 202) coupled to said 
stent graft material (1 03, 203). 

2. The stent graft (1 00) of claim 1 , wherein said stent 
5 graft material (103) is inside said tapered stent 

springs (102). 

3. The stent graft (1 00) of claim 1 , wherein said stent 
graft material (103) is outside said tapered stent 

10 springs (102). 

4. The stent graft (200) of any of claims 1 to 3, wherein 

said tapered stent springs (202) comprise a first ta- 
pered stent spring (202A) comprising: 

15 

a first stent cell (204A); and 

a second stent cell (204B) contiguous with said 

first stent celi (204A). 

20 5, The stent graft (200) of claim 4, wherein said sec- 
ond stent cell (204B) is coupled to said first stent 
cell (204A). 

6. The stent graft (200) of claim 4 or 5, wherein said 
25 second stent cell (204B) is smaller than said first 

stent cell(204A). 

7. The stent graft (200) according to any of claims 4 
to 6, wherein said first stent cell (204A) and said 

30 second stent cell (204B) are closed. 

8. The stent graft (200) according to any of claims 4 
to 7, wherein said first stent cell (204A) and said 
second stent cell (204B) are diamond shape. 

35 

9. The stent graft (200) according to any of claims 4 
to 6 or 8, wherein said first stent cell (204A) and said 
second stent cell (204B) are integral. 

40 10. The stent graft (200) of claim 9, wherein said first 
stent cell (204A) and said second stent cell (204B) 
are open. 

1 1 . The stent graft (200) of claim 9 or 1 0, wherein said 
45 first stent cell (204A) and said second stent cell 

(204B) are serpentine shape. 

12. The stent graft (200) of claim 11 , wherein said ser- 
pentine shape is selected from the group consisting 

50 of zigzag, and stepped. 

13. The stent graft (200) of claim 1 , further comprising: 

a cylindrical shape stent graft material (203); 
55 a first tapered stent spring (202A) coupled to 

said cylindrical shape graft material (203); and 
a second tapered stent spring (202B) coupled 
to said cylindrical shape graft material (203) 
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and adjacent to said first tapered stent spring 
(202A), wherein said second tapered stent 
spring (202B) is spaced apart fronn said first ta- 
pered stent spring (202A) by a spacing distance 
(318-1). 



rotationally positioning said second tapered 
stent spring such that said second stent cell of 
said second tapered stent spring is placed 
along said inside radius of said cun/ed body lu- 
men. 



14. The stent graft (200) of claim 13, wherein said first 
tapered stent spring {202A) and said second ta- 
pered stent spring (202B) are coupled to said stent 
graft material (203) by sutures. 

1 5. The stent graft (200) of claim 1 3 or 1 4, wherein said 
spacing distance (318-1) decreases as said stent 

graft (200) is bent. 

16. A stent graft (200) comprising: 

tapered stent spring means (202) comprising: 



10 



1 9. The method of claim 1 6 or 1 7, further comprising 

subjecting said first tapered stent spring and 
said second tapered stent spring to a bending 
force imposed by said curved body lumen, 
wherein said spacing distance decreases. 



15 



stent cell means (204); 
cylindrical shape support means (203) for 
supporting said tapered stent spring 
means(202); and 



20 



means for coupling said tapered stent spring 
means (202) to said cylindrical shape support 

means (203). 



25 



17. A method comprising: 

forming a first tapered stent spring comprising 
a first stent cell and a second stent cell contig- 
uous with said first stent cell, wherein said sec- 
ond stent cell of said first tapered stent spring 
is coupled to said first stent cell of said first ta- 
pered stent spring, and further wherein said 
second stent cell is smaller than said first stent 
cell; 

forming a second tapered stent spring compris- 
ing a first stent cell and a second stent cell con- 
tiguous with said first stent cell, wherein said 
second stent cell of said second tapered stent 
spring is coupled to said first stent cell of said 
second tapered stent spring, and further where- 
in said second stent cell is smaller than said first 
stent cell; 

sewing said first tapered stent spring and said 
second tapered stent spring to a stent graft ma- 
terial, wherein said first tapered stent spring is 
spaced apart from said second tapered stent 
spring by a spacing distance. 



30 



35 



40 



45 



50 



18. The method of claim 17, further comprising: 



rotationally positioning said ftrst tapered stent 
spring such that said second stent cell of said 
first tapered stent spring is placed along an in- 
side radius of a curved body lumen; and 
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FIG. 3 
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